Encephalomyocarditis virus (EMCV) was isolated from tissues of aborted fetuses and weaned and suckling piglets from 4 different pig farms in Quebec. The farms were experiencing reproductive failure in sows of different parities concomitant to respiratory problems in suckling and postweaning piglets. At necropsy, gross lesions were confined to the lung and consisted of pulmonary congestion and edema of various degrees. Lesions of multifocal interstitial to proliferative pneumonia were found in the lungs of these piglets. Bacteriologic examination of various tissues from necropsied pigs yielded no pathogens in most cases. No significant antibody titers against 3 swine viruses (transmissible gastroenteritis virus, porcine parvovirus, and swine influenza virus) and two bovine viruses (bovine viral diarrhea and infectious bovine rhinotracheitis viruses) were detected in the sera of convalescent pigs. The Quebec EMCV isolates were antigenically related to the reference ATCC-VR129 strain of EMCV, as demonstrated by indirect immunofluorescence, serum neutralization (SN), and Western immunoblotting. However, one of the Quebec isolates could be distinguish by SN. EMCV-specific SN antibody titers up to 1:12,800 were detected in thoracic and fluids of aborted fetuses and in sera of convalescent pigs. A possible pneumotropic EMCV variant in swine may exist.
Encephalomyocarditis virus (EMCV), a member of evidence of EMCV infection in aborted fetuses and the genus Cardiovirus of the family Picomaviridae, weaned and suckling piglets from pig farms in Quebec causes a clinical disease with high mortality in young experiencing repeated outbreaks of severe respiratory piglets. 1 EMCV infections are usually sporadic in naand reproductive diseases. ture throughout the world, but major outbreaks in piglets of sudden death related to EMCV have been re-Materials and methods ported in eastern Australia, 1,1l Florida, 10 and Africa. 23 Clinical specimens. The 4 pig farms from which samples The virus is also known as a cause of swine reproduc-were collected were experiencing reproductive problems in tive disorders. 14, 15, 17 Gross and microscopic heart le-sows of different parities concomitant to respiratory probsions are consistently found in the aborted fetuses or lems in suckling and postweaning piglets. Mummified and dead piglets following natural or experimental infec-stillborn swine fetuses were submitted by attending veteritions with EMCV. 1, 4, 11, 15 Transplacental EMCV infec-narians or were collected by the authors during herd visits. tion has been demonstrated in pregnant sows, 15, 17 and Portions of lung, spleen, kidney, heart, and brain from dead variants of EMCV having different pathogenic prop-fetuses or sick weaned and suckling piglets were processed erties for the swine fetus have also been reported. 13 for virologic and histologic examination. Ten percent ho-Although serologic evidence of EMCV infection ex-mogenates were prepared in 0.01 M phosphate-buffered saists for Canadian swine herds with sudden death in line (PBS) (pH 7.4), using a Sorvall Omnimixer, a and clarified by centrifugation a at 5,000 x g for 20 min at 4 C. The specyoung piglets and with reproductive problems, 20, 21 final imens were used immediately for virus isolation or were diagnosis based on the isolation of the virus from tisstored at -70 C. sues of abnormal fetuses has not been confirmed. This passages were done at 2-5-day intervals, depending on the extent of CPE. Infectivity titers were determined by titration of clarified tissue culture medium using an end point dilution procedure and calculation of 50% tissue culture infective doses (TCID 50 ) per 0.1 ml. 6 Two successive passages were also done in 11-day-old embryonating chicken eggs inoculated via the allantoic cavity. After a 4-day incubation period at 37 C, the allantoic fluids were harvested, clarified by low-speed centrifugation, and tested for hemagglutinating (HA) activity using chicken erythrocytes.
Plaque assay. The assay was performed as previously described. 2 The overlay medium consisted of 0.8% purified agard in Eagle's minimum essential medium (MEM) containing 2.2 mg NaHCO 3 and 25 µg diethyl-aminoethyl (DEAE)-dextran. e Virus purification. The ATCC-VR129 strain b of EMCV was used as the reference virus. Stock virus was produced by 4 successive passages in either Vero or BHK-21 cells. The virus was harvested by freezing and thawing infected cells 3 times and removing cellular debris by centrifugation at 5,000 x g for 15 min. Virus was pelleted by differential ultracentrifugation f at 100,000 x g for 2 hr through a cushion of 30% (w/v) sucrose solution. Concentrated virus was then purified by CsCl isopycnic gradient ultracentrifugation, as previously described. 6 After an overnight centrifugation at 100,000 x g, virus bands were collected, and the material was checked by negative electron microscopy (EM). 9 Antisera. Fractions of the continuous gradient corresponding to buoyant densities of 1.30-1.35 g/ml were collected and used for rabbit and guinea pig immunization following protocols described elsewhere. 6, 8 Specificity of the anti-EMCV hyperimmune sera was confirmed by serum neutralization (SN) and indirect immunofluorescence (IIF)/ Swine hyperimmune sera to serotypes 1-8 of porcine enterovirus (PEV) g and rabbit hyperimmune serum to NADL-2 strain of porcine parvovirus (PPV) g were also used for this study.
Indirect immunofluorescence. Both infected and control cell cultures prepared in Lab-Tek 8-chamber cell culture slides h were harvested at various times postinfection, fixed in cold acetone for 15 min, and processed for IIF, using hyperimmune rabbit serum and fluorescein-conjugated anti-rabbit IgG, i as described. 6 Serum neutralization and hemagglutination inhibition (HAI) tests. Neutralization tests to identify isolates from diagnostic specimens were conducted as l-way tests. Equal amounts of constant antiserum dilution (1: 100) and 0.1 dilutions of supernatant fluids from virus-infected Vero cells were mixed and incubated 1 hr at 37 C. The various mixtures (0.1 ml) were then each inoculated into 8 wells of a microtiter plate containing Vero cells. End points of infectivity were determined on day 3, and neutralization indices were calculated. SN and HA1 tests for the detection of antibodies in clinical specimens were done as previously described. 12, 25 Rat, chicken, and guinea pig erythrocytes were used for EMCV, swine influenza virus (SIV) (H SW 1N1), and PPV, respectively. SN and HA1 titers were expressed as the reciprocal of the highest serum dilution that inhibited 400 TCID 50 or 4 HA units of virus.
Mice inoculation. Groups of 5 CD-1 mice, approximately 25 g weight, were inoculated intraperitoneally with 0.5 ml of infected cell culture supernatants and observed at least twice daily. Tissues from mice that died following experimental inoculation were processed for virus isolation as above.
Polyacrylamide gel electrophoresis (PAGE) and Western immunoblotting. For PAGE, clarified infected cell cultures fluids (100 ml) were ultracentrifuged at 100,000 x g for 2 hr through a cushion of 30% (w/v) sucrose solution. The viral pellets were disrupted in 100 µ1 of double strength Laemmli sample buffer containing 5% 2-mercaptoethanol, boiled for 3 min, and clarified at 10,000 x g for 15 min before electrophoresis in 10% sodium dodecyl sulfate (SDS)-polyacrylamide slab gels as previously described.' Western immunoblotting assays were also conducted as previously described. 7
Results

Clinical history and pathologic lesions
During the last 2-3 years, intensive southern Quebec have experienced high piggeries mortality in in neonatal pregnant and nursery pigs and reproductive sows of different parities. Clinical losses in signs including anorexia and hyperthermia lasting up to 7 mid-to-late-term abortion (> 90 days) often with days, large mummified or partly autolysed fetuses, increased stillbirth rates, weak-born pigs, and neonatal deaths preceded by clinical signs of rapid abdominal breathing were observed. During or soon after episodes of reproduc fecting tive disorder, se suckling as well vere respira as growing tory proble piglets, but ms afrarely sows, were infrequently noted. Convalescent piglets often developed secondary bacterial skin infections and/ or polyarthritis. Clinical signs continued 1-3 months on most farms, and recurrent episodes have been reported. History and information on the clinical cases were obtained either directly by the authors during herd visits or by interviewing the attending veterinarians and pathologists from provincial laboratories.
Clinical specimens were obtained from 9 piglets between 10 days and 9 weeks of age and from 6 aborted fetuses of approximately 70 days gestation selected in 4 farrow-to-finish operations. Piglets submitted for necropsy from these outbreaks were in relatively good body condition. Different degrees of pulmonary congestion and edema, along with increased firmness of lung tissue, were observed in all 9 piglets. Lymph nodes were frequently enlarged and congested. In 6 piglets, the heart was flaccid or hypertrophic, and nonsignificant macroscopic lesions were found on other organs, Hydrothorax observed in '9 hydropericardium, a aborted fetuses, and nd ascite various s could lesions be of polyarthritis were present in 5 of the piglets.
Histologically, lesions of multifocal interstitial to proliferative pneumonia were found in lungs from sick piglets. Histiocytes, lymphocytes, and few neutrophils could be identified within the alveolar septa ( Fig. 1 A,  1 B) . Occasionally, increased number of alveolar macrophages, necrotic debris, and lymphocytes were demonstrated within the alveolar spaces. Mild multifocal nonsuppurative myocarditis and meningoencephalitis were also demonstrated in a few of these piglets ( Fig.  1 C, 1 D) . There were no significant pathologic findings in the other tissues, and on inclusion bodies were found. Fluorescent antibody examination of tissues for PPV, transmissible gastroenteritis virus (TGEV), and SIV were negative.
Laboratory findings
Routine bacteriologic examination of multiple tissues from necropsied piglets and aborted fetuses yielded no pathogens in most cases. Growth of nonhaemolytic Escherichia coli was obtained in 1 case.
Well-defined CPE, characterized by cell rounding and pyknosis, were observed after 1 or 2 passages in Vero cells inoculated with homogenates of the lungs of necropsied piglets or pooled tissues of aborted fetuses from 4 different Quebec pig farms. Clearly defined round plaques 2-5 nm in diameter were observed 36-48 hours postinfection (Fig. 2) . Picomavirus-like particles were observed by negative-stained EM in the concentrated supernatant fluids of degenerated cell cultures ( Fig. 4) .
No CPE could be demonstrated following 2 successive passages of the clinical specimens in BHK-21 cells, but the 4 virus isolates that had been propagated in Vero cells could easily be adapted to BHK-21 cells. With both cell lines, infectivity titers reached 10 7 -10 7,6 TCID 50 /0.1 ml after 3 or 4 successive passages. Evidence of viral replication in pig cell lines (PFT, PK-15, and ST) was not obtained after 3 weekly blind passages, as suggested by the absence of CPE, absence of HA activity in supernatants when tested against chicken, rat, and guinea pig erythrocytes, and absence of viral particles in cell extracts examined by EM. No viral particles could be observed by EM in the allantoic fluids of embryonating chicken eggs after 2 successive passages of the clinical samples, and no HA activity was demonstrated with chicken erythrocytes.
Identification and characterization of virus isolates
Rabbit hyperimmune serum to the reference ATCC-VR129 strain of EMCV had a SN titer of 1:25,600 to the homologous virus. At the fourth passage of the virus in Vero cells, maximal cytoplasmic fluorescence was obtained 4-6 hours postinoculation using antiserum dilutions up to 1:2,560 ( Fig. 3) .
Preliminary testing showed 1:100 dilution of the rabbit anti-EMCV hyperimmune serum had neutralizing indices > 5 log for the homologous ATCC strain. Neutralizing indices of 4-5 log were obtained against the A 4 virus isolates recovered from the clinical cases. The 4 isolates reacted strongly with the anti-EMCV antiserum by immunofluorescence.
Isopyknic ultracentrifugation on CsCl gradients of the virus prepared in Vero cells from the reference ATCC-VR129 strain and the 4 Quebec EMCV isolates yielded 2 close opalescent bands corresponding to buoyant densities of 1.33 and 1.35 g/ml (Fig. 4A) . These fractions correspond also to the maximal absorbance peaks at 280 nm, and maximal infectivity was recovered in fractions of highest density. These fractions contained respectively large amounts of empty (dark-stained center) or full virus particles as observed by EM (Fig. 4B) .
The 4 Quebec EMCV isolates were highly virulent in CD-1 mice. In all cases, 100% mortality within 36 hours postinoculation was observed. Death was sudden or after signs of illness, including ruffled coat, pa- ralysis of the extremities, and convulsive periods. Lesions of multifocal nonsuppurative encephalitis were demonstrated in those mice that survived for at least 4 days following inoculation with diluted (≤1 0 -5 ) infected supernatant fluids (data not shown). The virus could be recovered in cell cultures inoculated with infected tissue homogenates.
By SN, the ATCC-VR129 antiserum neutralized the homologous virus and the tissue culture-passaged Quebec EMCV isolates to the same titers (1:25,600), except for EMCV isolate Q.890 against which the SN titer (1: 6,400) was 4 times lower. The CPE induced in Vero cells by the 4 Quebec EMCV isolates was not neutralized after incubation with antiserum to serotypes l-8 of PEV, to the Purdue strain of TGEV, and to NADL-2 strain of PPV.
SDS-PAGE and Western immunoblotting analyses of purified ATCC-VR129 strain revealed 5 major polypeptide species with estimated M r of 39,000 (VPO), 32,000 (VP1), 29,000 (VP2), 25,500 (VP3), and 11-14,000 (VP4). These 5 polypeptides were immuno- Table 1 . Antibody titers and number of specimens with titers to viruses in sera of growing pigs and sows and in thoracic fluids of aborted fetuses from 4 pig farms in Quebec with repeated outbreaks of reproductive and respiratory problems in 1989-1990. chemically stained with homologous rabbit antiserum 1:320); serologic evaluation of these groups of animals ( Fig. 5, lanes 1 and 6) . Identical polypeptide profiles did not permit a definitive diagnosis of EMCV infecwere obtained for the 4 Quebec EMCV isolates, and tion. Most of these animals had antibodies to PPV and the 4 major polypeptides of each of the Quebec isolates TGEV in response probably to commercial vaccines cross-reacted with the 4 homologous proteins of the given routinely on these farms. Most of the animals ATCC-VR129 strain (Fig. 5, lanes 2-5) .
were also seropositive for hemagglutinating encepha-
Serologic investigations
lomyelitis virus (HEV). There was no evidence of previous infection by infectious bovine rhinotracheitis vi-Concurrent investigations of similar outbreaks of re-rus (IBRV) and bovine viral diarrhea virus (BVDV). productive failure were carried out in 4 other large However, significant SN titers to EMCV (1: 160-l : intensive piggeries located in the same geographic re-12,800) were detected in samples of fetal fluids subgion (Table 1) . Virus isolation was unsuccessful, al-mitted from these farms at the time of episodes of though 48.2% (55/114) of sows or growing pigs had reproductive problems. A total of 71.1% (27/38) of the SN antibodies to EMCV (titers ranging from 1:10 to fetal samples submitted were positive for EMCV an-tibody, and 34.2% (13/38) had SN titers of 21:64. No significant antibody titers were detected in fetal fluids to TGEV, PPV, SIV (serotype H SW 1N1), BVDV, IBRV, and HEV using microtiter SN or HAI.
Discussion
In the present study, naturally occurring EMCV infection in intensive piggeries in Quebec was demonstrated by isolation of EMCV from tissues of abnormal fetuses and sick piglets and by detection of specific EMCV antibodies in fetal sera of fetal fluids. Identity of the virus was confirmed by IIF, SN, and Western immunoblotting tests using hyperimmune serum directed against the prototype ATCCVR129 strain of EMCV. Growth characteristics in cell cultures, pathogenicity for mice, and purification and polypeptide profiles obtained for the various Quebec EMCV isolates also correlated with those of viruses classified in the genus Cardiovirus of the family Picornaviridae. 5, 19 The present report further supplements virologic and serologic findings in Minnesota, Iowa, and Ontario of the association of EMCV with outbreaks of reproductive disorders. 12, 14, 16, 20, 25 Although the clinical signs observed on Quebec pig farms were comparable to those reported in the United States, major dissimilarities were found at the histopatholic level. Necropsied fetuses did not show typical gross and microscopic heart lesions such as previously reported. 14, 15 Because of the absence of nuclear inclusion bodies and of specific fluorescent cells in lung tissues of sick piglets, neither cytomegalovirus 18 nor PPV (Zeman DH, et al.: 1989, Proc 5th Int Symp World Assoc Vet Lab Diagn), two viruses that may cause mild to severe interstitial pneumonia in piglets, were retained as possible etiologic agents. In addition, SIV was not isolated in cell cultures and embryonating chicken eggs. Serologic data obtained with sera of convalescent pigs and fetal fluids from aborted fetuses also confirmed the noninvolvement of these 3 swine viruses. No antibodies to pseudorabies and hog cholera viruses were found by the federal laboratory (G. C. Dulac, personal communication).
Two of the Quebec EMCV isolates were recovered from pooled tissues of aborted fetuses and 2 others were cultivated only from lung tissues, further supporting the possible existence of EMCV strains having different pathogenic properties and tissue affinities. 13 The relative absence of consistent heart lesions in the abnormal fetuses and piglets, but the consistent finding of various degrees of pneumonia, suggest that the Quebec isolates may be biologically distinct, possibly a pneumotropic EMCV variant. Experimental inoculation studies in newborn piglets and pregnant sows are presently being conducted in our laboratory to obtain more information on the pathogenicity of the various Quebec EMCV isolates. Variants of EMCV that differ in organ tropism and pathogenicity have been isolated in mice, 3, 5, 24 and the existence of myocardiotropic, pneumotropic (Joo HS, Christianson B, Kim H: 1990, Proc Minn Swine Conf Vet), and neurotropic variants in swine has been suggested by different authors. 13, 22 
